not monosynaptically connected to the recorded neuron. Importantly, under our conditions these neurons did not cause spiking in other neurons that may be connected to the recorded neuron, and therefore the recorded synaptic events reflect mono-and not disynaptic (or higher order) coupling of presynaptic neurons (see below). Thus, we can use LSPS to map the spatial distribution of synaptic input of a recorded neuron. Such "input maps" were constructed by uncaging in 256 spots at 50 m spacing. To avoid local accumulation of glutamate and the resulting desensitization of receptors, the laser scan pattern was designed so that locations visited close in time were relatively well separated in space ( Figure 1E ). Figure 2B ). Average excitation profiles (n ϭ 7-10 cells per group) portray the resolution of photostimulation (distribution of excitability) (Figures 2C-2J) . The vast majority of action potentials appear close to the soma; 80% of the action potentials occurred within a mean equivalent radius of 100 m, as calculated by averaging the equivalent radii of the 80% lines for each of the six cell groups ( Figures  2C-2J ). We did not find sites of excitability in layer 1 (Dantzker and Callaway, 2000; Schubert et al., 2001). We also used another measure of the spatial distribution of excitability, averaging for each cell the mean distance to the soma of each action potential ( Figure 2K ). Calculated this way, the mapping resolution for layer 2/3 neurons was slightly better than for layer 4 and 5 neurons. The photoexcitability of control and deprived neurons was comparable ( Figure 2L ). In particular, there were no differences in layer 4 barrel and septal cells. Overall, deprived neurons had a slight tendency (not significant) to be less excitable than control neurons; because these small differences could not account for the changes observed in synaptic mapping experiments, they were not used to scale synaptic map data in this study.
Resolution of Mapping by Photostimulation
The excitability profiles ( Figure 2B ) further indicated that spiking occurs only upon direct stimulation, and not through excitation of synaptically coupled neurons. Synaptically driven spiking, if common, would have been detected as isolated "hotspots" away from the cell, which was not found (Figure 2 Figure 6B ). The bution of inputs distinct from cells above barrels. The difference maps thus indicate the complementary nadistributions of layer 4 inputs were much more variable, ture of layer 4 input plasticity for these two positionally not respecting barrel boundaries and often arising in a defined cell types. sparse distribution from several regions. Often layer 4
4D and 4E). Maps from individual cells suggest a distriwas in layer 4 directly beneath the recorded neurons, but the change was opposite in sign (
We then focused our analysis on layer 4 inputs by was almost absent from input maps (Figures 4Ea, 4Ec , performing region-of-interest analyses. First, we examand 4Ed). Local supragranular inputs were stronger than ined the input strength as a function of horizontal posifor above-barrel neurons, as were infragranular inputs tion by calculating column means (green zone in Figure  (see Figures 4Ec and 4Ed) . These general features, (i) 6C). For above-barrel neurons, this demonstrated that absence of strong layer 4 input and (ii) more pronounced the experience-dependent loss of layer 4 inputs was layer 2/3 and layer 5 inputs, are apparent in the average most acute directly below the recorded cells (region C map (n ϭ 10) ( Figure 4F ). We conclude that layer 2/3 in Figure 6C ). Furthermore, this analysis revealed that neurons vary with respect to their input maps depending layer 4 inputs to control cells were narrowly distributed: on their horizontal position in the barrel map.
the half-maximal width of the response profile (blue lines, Figure 6D ) is ‫002ف‬ m, less than a typical barrel Deprivation Decouples Layer 2/3 Neurons diameter ‫003ف(‬ m). The surrounding regions in layer from Layer 4 within Barrel Columns 4 to the left and right of this central region (shown as Previous receptive field measurements using full-field regions L and R in Figure 6C ) did not appear involved unilateral deprivation revealed that the development of in plasticity for these above-barrel cells (analyzed further layer 2/3 receptive fields is experience dependent, while below). In contrast, for cells above septa ( Figure 6E ), layer 4 receptive fields are stable (Stern et al., 2001) . the same analysis revealed both a complementary gain These results suggest that experience-dependent plasof layer 4 inputs directly below the recorded cells and ticity involves synapses onto layer 2/3 neurons. Are patsome gain of inputs from the surrounding regions. terns of inputs to layer 2/3 neurons experience depenWe also divided layer 4 into three regions: left, center, dent? Could changes in these patterns account for and right (regions L, C, and R; see Figure 6C ). Plotting receptive field plasticity? To test this, we compared inthe average current evoked in all three regions for each put maps measured in slices from deprived animals with cell ( Figures 6F and 6G ) reveals the overall group-wide control slices.
effects of deprivation and position. Inputs from layer 4 We measured the input maps of layer 2/3 neurons were more narrowly columnar for cells above barrels above barrels in slices from deprived animals, using than above septa; individual septal cells (control or dethe same deprivation paradigm. We found a markedly prived) in some cases received inputs distributed very different cortical organization ( Figure 5A ). For these asymmetrically below them in layer 4. The effect of depricells, input maps often had reduced input from layer 4 vation in general was one of "retraction" of amplitudes (Figures 5Aa-5Ac ) and increased local input from layer toward the origin for above-barrel cells, and of "expan-2/3 (Figures 5Aa and 5Ac) , as compared to controls sion" for above-septal cells. Thus, although deprivation ( Figure 4B ). These differences were evident in the avercaused highly complementary changes in the primary age map (n ϭ 8) (cf. Figures 5B and 4C) . locus of plasticity (region C) for above-barrel and aboveseptal cells, some intrinsic differences in input maps for Deprivation Couples Layer 2/3 Neurons to Layer these two cell types were also conserved.
within Septal Regions
We further analyzed the experience dependence of Are the circuit properties of neurons above septa, which responses in the primary locus of plasticity, directly beare normally poorly coupled to layer 4 (Figures 4E and low recorded neurons (region C). The average responses 4F), affected by sensory deprivation? We measured in region C (filled symbols in Figure 6H ) again showed the input maps of layer 2/3 neurons above septa in the complementary nature of input plasticity: for deslices from deprived animals. Surprisingly, these maps prived cells above barrels, inputs from this region diminshowed experience-dependent changes that were comished substantially (53% of control levels), whereas for plementary to those of above-barrel cells ( Figure 5C) . septa, inputs increased (83% greater than controls). Compared to controls, the input maps from these cells
Pooling pixel values (current amplitudes) from region C often had increased input from layer 4 (Figures 5Ca, by group and plotting them as cumulative distributions 5Cb, and 5Cd). This enhanced columnar coupling, cen-( Figure 6I ) revealed the aggregate effect of deprivation tered on the septal region of layer 4, was evident in the on current amplitudes. In particular, deprivation caused average map (n ϭ 8) (cf. Figures 5D and 4F) .
complementary redistributions of current amplitudes, such that above-barrel cells' response amplitudes beComplementary Circuit Plasticity came strikingly like those of above-septal cells, and in Barrels and Septa vice versa. These treatment-dependent differences (i.e., We analyzed these data at multiple levels ( Figure 6) . control versus deprived) were highly significant, as were First, we computed difference maps to determine the the position-dependent differences (i.e., above-barrel loci of plasticity, sites where the effects of deprivation versus above-septal) within each treatment group (p Ͻ were greatest. A pronounced locus for above-barrel 0.001, rank sum test). cells was in layer 4 directly beneath the recorded neuWhile excitation profiles provide information about rons ( Figure 6A ). Additional plasticity occurred in suprathe excitability and resolution of photostimulation, they granular and, to a lesser extent, infragranular areas. For cannot address the density of excitatory neurons, a separate and potentially important parameter in LSPS conabove-septal cells, the primary locus of plasticity also nectivity mapping that could conceivably vary by cortin ϭ 13 images; control, septa: 8.0 Ϯ 0.4, n ϭ 10; deprived, barrels: 8.5 Ϯ 0.8, n ϭ 12; deprived, septa: 7.3 Ϯ cal region (e.g., barrels versus septa) or treatment (control versus deprived). We estimated relative density 0.8, n ϭ 10). Thus, for the experiments in this study, excitatory neuronal density appeared relatively constant as follows. In slices from deprived and control animals, we recorded DIC images at a depth of 50 m in the across the cytoarchitectonic boundaries of layer 4 in barrel cortex and was not changed by deprivation. slice, in barrels and in septa. Labels were scrambled, and two blinded examiners counted the number of excitatory neurons (pyramidal and stellate morphology) per Inhibitory Inputs Is the horizontal segmentation of layer 4 further reflected high power field (117 ϫ 105 m). The two data sets were statistically indistinguishable and therefore averaged. A in inhibitory circuits in layer 2/3? Do changes in inhibition contribute to plasticity? The circuit analysis performed total of 343 excitatory neurons were identified in 45 images (0.6 mm 2 ). The average number per field did not for excitatory transmission can similarly be performed for inhibition. We mapped inhibitory currents by setting vary significantly by group (control, barrels: 6.8 Ϯ 0.7, the holding potential to the reversal potential for glutalayer 4 by recording from stellate cells under similar conditions as described above. Inhibitory input maps in matergic currents (Figure 7) . Inhibitory synaptic events appeared as large outward currents ( Figure 7A ). Inhibibarrels did not show clear differences with deprivation ( Figures 7I and 7J ). tory inputs to layer 2/3 pyramidal neurons were spatially much more local than excitatory inputs (Figures 7B-7J 
